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The -pufpiose of the proiect was to develop computer pames that could be used by 
Students in f?rades 1-4 as part of th^eir mathematics ins^truction. Eight games were 
developed, covering a wide variety of mathenatical topics / including number/ j 
numeration, computation, geometry, measurement, statisti\:s, and probability. 

The games were field tested in 20 K-5 classrooms. At each of three different 
schools" a computer was placed in one classroom at a time for approximately four 
weeks* In each classroom the computer was used as a learning center. Records of 
student performance in the ganies were kept and, at the end of the four weeks, 
students were surveyed abouf their feelings about using the games and the teacKer 
was interviewed. As a result of feedback from students and teachersi a number of 
revisions were made in the gamd«, 

/ 

The field testing clearly Indicated that in?tr\ictlonnl games can provide an easy,, 
low-stress, enjoyable Introduction to microcomputers for both students and teachers. 
The students enjoyed and learned from playing the games. 
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Illbt Publication CttatlonB 

The Coranuter as a Learning Center ^has been tentatively accepted for publicatloi)' 
in the 1984 Ye^irbook of the National Council of Teachers of Mathematics, (copy 
attached.) • - - * 

> 

\ naper on developing instructional computer names will probably be subroitted 
to Creative Computing magazine. 



Illc* Scientific Colla borators 

» ■ ■ ~ - ■ ■ ■ ;■■ " " ■ . • — 
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Dr. John G. Harvey, Professor 'of Mathematics and Curriculum and Instruction at 
the University of Wisconsin - Madison, and Ot*. J. Gilbert Ware, Assistant 
Professor of Education at^ Wittenberg University, served as consultants to the 
prolect. 



Tresentation/B on the project were, or will be, made at following conferences? 

The National Cour*cil cT Teachers of Mathematics. Annual Meeting, Toronto, April 

The AnnK^al Indiafid ConTeience un Instructional Cuinputing, Muncie, October 2j 19C2. 
The Ohio Educatiufi D^^partrrient Annual Computer Tair, Columbus^ December 6 It 

The National bcurrcil of Teachers cf Mathematics Gieat Tails Conference, Great 
falls, Montana, March 10^ 12, rK:!:. 
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William H. Kraus 
Education Department 
Wittenberg University 
s Springfield, Ohio 45501 



This project wa5 supported by NSF Award No. SED8012268 in the joint 
National Science Foundatio'n/National Institute of Education Program on 
Mat||eniatics Education Using Information • Technology. Any opinions, findings, 
conclusions or recommendations expressed herein are those of the author and 
do not necessarily^ reflect the views of the National Science Foundation or 
the National Institute of Education. 

The right to reproduce artd distribute copies of part or all of this 
report is hereby granted to any persons desiring to do so. 

Project Overvtew 

\ 

The purpose of the project was to develop , computer games that could be 

used by students in grades 1-A as part of their mathematics instruction. 

During the 1980-81 academic year and the summer of 1981 eight instructional 

games were developed; the content of the p.ames ranges across the ten basic 

skill areas defined in the National Council of Supervisors of Mathematics 

>- 

"Position Statement on Basic Skills". 
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!• Saucer" -^counting; readiness for addition and subtraction. Grades 

2. Faces - counting and base ten numeration. Grades K-A. 

3. The Jar Game - problem solving; readiness for probabi^lity and for 
ordering fractions. Grades K-6. 



Chaos - classification of geometric figures by atti^ibute; concepts 

t 



of left, right, up, dowti. Grades 2"-6. ^ ^ 



> 

5. Fish* Chaste drill in basic addition and multiplication facts. 
^ Grades 2-6. 

6. Patterns - problem solving; construction of ^geometric figures; 
spatial visualiza*tion. Grades 2-4, 

7. Golf - angle and length estimation. Grades A-8. ^ 

8. Compu-Bar - problem solving; reading bar graphs; constructing 
simple arithjnetic expressions. Grades 



v\n ,and incluc 



» The games are men<i-driv^n ,and include a management system that keeps records 
of student performance in a disk file necessity to the teacfier. (The games 
were initially implemented on an Atari 800 with 32K of memory and a single 



disk drive. ) 

During the 1981-82 academic year the programs were field-tested in 20 
classrooms ranging from kindergarten through fifth grade. Three school^s were 
selected to represent different educational philosophies and different socio- 
economic levels in the field testing. In fall of 1981, inserv^ce programs 
were held at the three school^. At each school a computer was then placed in 
classroom at a time f oiL.a/proxiAa tely four weeks. 
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ConclusioAs 



The primary purpose of the field testing was to find ways to revise the 
games to make them more effective in providing livstruction in matlfematics. 



Because of feedback from vStudents and teachers^ numerous modifications were 
made in the games. These ranged from minor modifications such as color or 
format changes to make the screen display more effective to modifications 
such as adding an intermediate level of difficulty to Faces ctr changing the 
level of difficulty of the math content of CRaos to better match the level of 
difficulty of the mechanics of the gamev 

However, in addition to facilitating improvement in the games, the field 
testing prpvided considerable informal evidence on the use of instructional 
computer games in the classroom. The clearest conclusion that can be drawn 
fron the field testing is that instructional computer games can provide an 
easy, low-stress, enjoyable introduction to microcomputers for both students 
and teachers. Very few of the teachers in the study had had any prior 
experience with microcomputers, and most were somewhat apprehensive about using 
a compute ^in their classroom, but, without excnptlon, when they saw how 
quickly their students learned how to usg the computers and how much they 
seemed to ^njoy and learn from the pames, the teachers enjoyed the experience 
and expressed a desire to use the computer in the future. (All that needs to 
be done now is to determine where to get enougii cfomputers to satisfy the needs 
of all the teachers!) 

It also seems clear that, at leasU in^' the lower elementary grades, the 
computer belongs in the c lassroom , wfiere the teacher can depend on its being 
available throughout the day. The microcomputer is very useful as a learning 
center to supplement regular instruction. In particular, in some of the self- 
contained primary grade classrooms, tli^ computer was used almost constantly 
from fifteen minutes before the school day hegia to half an hour after it 
ended. ' ^ — 
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Time-on-task is critical in the classroom; the games were written so 
that students could sit down at the computer and be actively involved in a 
game in less than one minute. ' The students could also stop any game almost 
immediately when it was tine for them to do something^ else in the class. The 
use of a disk drive instead of a cassette recorder is a significant factor in 
increasing time-on- task. i 

. Teachers that used the^jiKjHagement system found it useful in keeping track 
of student prepress and in guidint* subsequent student wotk, but not all 
teachers used^the nanagement systepu It will take tine for teachers to more 
fully utilize the capabilities of the computer. -Courseware will need to be 
developed to help teachers integrate use of the conputer with other instruction. 

Some observations of student performance in >pecific games were revealing. 
The Jar Game , a probability ^ame, was successfully played by kindergaf tners , 
' indicat'ing that, if we^ind the appropriate format, we can lay the groundwork 
for some of the more sophisticated mathematical concep^ts at an early age. The 
poor performance in the 0-19 and 0-49 lev6l^5 of Face s , a number /numeration ^ 
game, indicates a lack of understanding of base ten numeration (they can point 
to the tens' place, but they don't really know v»hat it means). The success 
that selected second and third grade stutients had in Golf and Compubar 
indicates that -such games have potential for use in programs for the gifted. 

Summaries of much r>f the data collected during the field teslPing are 
attached. Of particular interest is the summary of the teacher interviews. 



Publication of the Games 
Wittenberg University has contracted with Milliken Publishing Company 
(1100 Research Boulevard, St.^ Louis, Missouri 63132) to publish the programs. 
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The propranis arc being published in both a hone package and a school package; 
the sc-hool package includes offjine, supplemental courseware. The programs 
are currently available 'in 16K cassette and 32K disk versions for the Atari 
AOO/806 and in a disk version for the Aptttle II. Tllere are plans to convert 



the programs to run on several other microcomputers a 

Miljiken has over 22 years experience in publishing teaching aids and, 

over four years experience in publishing microcomputer courseware. Their 

i • * 
editorlarl staff has done an exemplary ^ob of mal.ntalning (and even improving), 

V 

the, pedagogical value of the games. 
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Each of the 20 teacheis who participated in the field iesK^g was interviewed • 
after they had had the computer in their classroom, The 'same\p questions werp 
asked in each interview. . - ' ' 

- ^ * '\ 

Did you find enough time to use the computer*' Would you be able to fit the 
computer into your normal classroom routin-e'' Only two teachvel'Sf both teaching 
Tift;h grader answered '*no" to thesejrwo questions* Altliough they were able to make 
use of the computei > they did not feel the/ were a-ble to make en^ugK use of ^t to 
make it cost effec'tive* The IG teachers who answered "yes" indicated a variety of 

' ways to find time> including dui ina reading groups^ when students had finished p.ther 
work> during indoor recess^ and during small gioup instruction time** The games were 

'occasionally used in whole group instructiorii Cever^al teachers njentidned using the 
games as a reward* Cetting up^a formal schedule for computer use, to ensure that 
all students had oppoi tunities^to play th^ yamos> was mentioned .by roany of the 
teachers, " . ^ ' , 

Did you f^nd tt'c- q^iTies ea^) oj diTricult to u-^--^ VxMiat pjohlems» other- than math 
content^ c?id ^tijden^^ c-ricoufitei in using th^- uanit.^ ' All of the teachers indicated 
the computer wa? sas > 'to use, This wa^ oiu' th<^* n'tost welcofiif \ esult^, since the 
iTiajoiity dr the t^dChers had initially ^npi rs^zt-d sonit'. apprehension about-how 
difficult L'Sing th^ ucmputer mrght te, Ceventev^fi of the teac'hei s indicated then- 
students haa e^'CPLintered no problefr.^ in u^^ina \ f\^'* ganies, Th& othei s indicated only 
'mino." problerric wit cspecific garner u\ihich led tc- ti udi; k dtion of tfiose^ aames), * 

, How ap^ \C['t\ nt- was t ht- level ol th^\iVialh cnntL-fit ij{ thf garries foi your 
students^' Anv'.-v'ei to thi^ que^'tiufi helped ul^iiiv tm- apfi^opjiatt grade levels for 
thf- s'ariouc a^uTt r. , - ' ' 

t' , 

Viere the gan^t too ^^o• 1 ■ t uu long, tuu ^low tcuj last ' All the game<i except 
Gausiei seefT!^-'.^ tv l^r u\ ap^. i L.^M lalfe' lenytticiiul Two tt^dChe^b indicated that 

Caucer was too «£1lm.v, and cuiisu^quently it wa^. ^>pe'eded up, "'Ceveral te^achers 
Indicated that «^ iLu.-itf- tended to pick the sluwei ^'a-,u?i ltwtls> of multil-evel gamesj 
differential rew^ulr^rielpt-d lei^sen thu> to somt» e''>tofrt» 

. ' f r ^ 

Did you u'se the sound without headp hone«> li so,.,vyaG it distracting"" 
Headphones. were supplied witli the conriputet ^-ystefTi, but eighteen oT the twenty 
teachers did not haOe then students use them. Of t hese eig h teen , only one 
indicated that the sgund was d is ti acting aft et ttit* { n st day or two* (The volume 
could be' conti oiled. ^ 

Do you have ai^j commerjts ot suggestionii.ttiat. might, be useful to oth,er teac^rs 
usinq the game = '' The most common conTmentr^ wCte (a) don't be afvaid of the 
computer, (b) ir\U jdur.ing each game to the class as a whole is the most efficient way 
to have the childt en learn the i ules of the gamts^ (f ' *:>el up ru'les f or'^omputer use> 
and (d) set up a schedule for computeruse. 

Do you have ^suggestions foi impi ovenient in the games' Do you^hav.e any 
suggestions for new games?* Thei e weie maii> sugije-tiuns foi minor modi'^cations 
m the games that woold facilitate their use in tije classroom! many of th^se 
sugestions were ^nc;orpoi ated into the games. Many suggestions for math content 
for additional garn^^ weie given, including i amputation beyond basic facts, .word' 
problems, place. \ <tlue, telling time, moneys fractions, u^e of the ruler, and map 
skills. ^ ^ ^ . ' * * 



Although aU but one of the teachers in the field testing were novices in 
computer use, no significant problem^ yere encountered in the gse of the games* In 
addition, man> inv^aludble suggestions f(^r improvements in the games came from 
t.hese teachersr and I am truly appreciative of their contributions to the 
development of the games. * 
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]I5a.s>ic: Cik-illss Cujrvey • - 

• .P^'ior to development of thegameSf teachers art the three schools that were to 
participate in the field testing were asked to complete a questionnaire^ The survey 
was conducted ^0 determine the teachers perceptions and needs in the 10 basic skill 
areas in mathematics defined. in the NCCM positiori statement on basic skills. 
Responses were received from 23 of the 30 teachers at the schools. The 
questionnaire was prefaced by some excerpts Tro'm the NCCM position statement. 
Thirteen of the 14 questions asked in the survey are reproduced on the following 
pagfe. The remaining question (#13) asked for specific instructional problems and 
needs in each of the 10 basic skill areas. 

The results of the survey are summarized in the table on a following page. The 
results are not unlike results of other recent surveys* Computation and problem 
solving are seen as most important and occupy the greatest amourit of instructional 
time for most teachers (comments on the questionnaires indicate clearly that rriost 
teachers equate "problem solving" and "word problems"). Interestingly, these twb 
areas were th^areas most teachers indicated/(a) they felt best prepared to teach 
and (b) they would like assistance with. Probabihty and computer literacy ware seen 
as the least important basic skill areas. ' . 

Although the 5u»"vey was. useful >in provuiing a picture of the teacher-s 
perceptions oT basic skills, it pi oved not to be useful in identif ying- appro'pfiate 
content for the garries* It did, however,* ensure that most of the teachers who would 
be involved in the field testing were aOvar e of the IICCM position statement that 
provided the mathematical content framewotk for the developmen,t of ihe games.^ 
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1. Wl>ich of the ten basic skill areas do you feel are 'mo^t important .in grades 
K-8? * ♦ . ' • " 



2. V^iich of the ten basic skill areas do you feel are least important in grades 
K-8? , . * * ' • 

3. Wlilch of the ten basic skill areas do you feel are most important at"" your 
j»rade level? - ^ , 

4. Which of the ten* basic skill areas, do you feel are least important at your 
grade level? * - 

5. U^ich of the ten bas\,c skill are«is dp you spend ^t4it2 mpst time on in your class? 

, 6. IJhich of the ten ^asic skill areas do vpu spend n^re than two weeks of class 
time on? ~ , • * ' *; 

7. iN^ich of the ten basic skill areas do you spend tlie "least time oh in your' class? 

\ 8. Which of the ten basic skill areas do vou spend less than/ 1 week jO't class 

time on? . * ' S 

9." \s^ich, of the ten basic siciil areas do you feel best prepared to teach?' 

10. IvTiich of the ten basic skill areas do vou feel least prepared to teach? 

11. l^hich, of the ten basic skill areas are most -dif f Jjcult to teaclrat your grade 
leyel and why? • ^ . ^ ^ \ 

* * ' i ' ^ *^ 

12. ^T^ich of the ten^asic skill areas that you currently spend le^s'than, 1 week of 
class time on wourd you like to spend more time on' and why are you currerttly 

^* unable to do. so? \. ' ^ « ^ 

13. IHiich two or three of the basic skill areas woiild yjou* most ''^ilk'e to have 
'assistance in? ' ' - - * : ^'^ - ^ ^ 
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^ ^ Summary \-^r Basic Skills Siirvev Responses (N=23) 
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For each game, data is stored on student performance on the mathematics content 
m the game, s'o that the teacher may examine these data to see what each student 
has done and how well t-|-ie stu'detit has done* These data are summarized in the 
following tables for 11 of the classrooms used m tKe s'tudy. 

Great caution must be used in interpreting these data, because the studies were 
done informally m natural classrooYn settings* The abilities of the students that 
played specific games and the differing degrees of assistance provid^ by the 
teachers cannot be determined from the tables. For example, in several of the 
prwary grades the teachers selected their best students to play Gplf and Compubar 
an'rf gave therr) some initial instruction m the mathematics involved in the gamesj in 
the fourth- and Tifth grades across- section of -the students played these games 
without significant extra instruction on the mathematics content. 

For each game the N is the number of different students that play?d the game 
more than once. The first time a student played a game was not included in the 
calculation of the mean, to lessen the effect that learning the rule's of the game 
would have on performance m the game. 

*C 

For Golf , the meap is the average number of strokes per hole. For T he Jau Game , 
the mean is the percentage oi^correct chdices. Foi Fish ^hase ^ the mean is the f 
number co^Tect answers out of a possible 20^ For P atterns , the mean is the 
percentage of correctly matched patterns. Foi Faces, the mean is the number of 
correct answers before an answer was missed. Foi Chaos, the mean is the number of 
correct matches before one was missed or time ran out. TvJo versions of Chaos were 
used m the studies, and thife accounts fai the large differences in means between 
qrade^llevelsn, For iauce^, the mean is the percentage of correct answers. For 
Compubar t the mean is the percentage af con ect answers." 
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Most of the field testing of the programs was done informally, to allow the 
teachers to use the games as they wanted to', and then target direct feedback from 
the teachers on how the games could be best used in Whe classroom and on how the 
games could be impro\ed» Ilbw^ver, one formal expei iment was conducted to study 
the effects of the two most complex games. Golf and Compubar * 

A class of 2C grade four students, a class of 24 fiTlh ^rade students, and a dass^ 
of 21 fifth grade students were used in the study* Each class was divided randomly 
into two.groups} the students in one group played Golf exclusively over a period of 
two weeks, the students in the other group played Compubar exclusively during that 
same period* To facilitate scheduling the use of the single, computer in each 
classroom, pairs of students played thp games, with each pair playing the games for 
a total of approximately, one hour, spread out over 2 4 s^^sions. According to -the 
teachers, the students had bad previous experience i^ith bar graphs, arithmetic 
expressions, and linear measurement, but little. or no experience with angle 
measurement. No direct instruction on these topics was provid^ed during the two 
weeks of the studyi - ' 

^At the end of the two weeks^ all students were givferi two tests; (a)'a 10 question 
test on reading bar graphs and constructing aiithmetic expression's and (b) a 
10- question test op estirpating the sue of angles artd the Tength of lines. Thus two . 
studies were conducted simultaneously,' a study of the effects of playing Compubar i 
*w^th the Goif a«;ou'D' serving as the conttol group, aud a study of the effect^ of 
playing Golf? with ths* Compubar qroup serving as the control group* 

The results of the two studies are summarized in the tables on the fbllowing 
page* Although ini>c/th cases the expe^ irnent**! group scored high&r on th^posttest 
than the control group, this difference was not «itatisHacally significant* It may be 
that to be effective ^a^ the games must be pla>ed more frequently or for longer 
periods at a time or the^ames must be combined with direct instruction on the 
mathematical. con tent (neither of these is a particulai ly surprising hypothesis)* 

Ndw that the initial development stage for the game's has been completed, 
studies to determine the most effective classioofn apfjhcations of the games WQuld 
certainly be appropriate* 
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In the first 14 classrooms u^ed in the field' testing rthe students were asked to 
complete a st^rvey about how they felt'^b.out using the games; they had been using 
the games for approximately one month \vhen thd survey was administered** Tor each 
of the eight g^mes tlfe survey asked stud^ents to indicate how they felt, about the 
game by selecting one of the following choices: (a^ I didn't like it, (b) It was OK, (c) I 
liked it, or (d) I liked it a lott This was fallowed by eight statements about the use 
of the ganjes, and the students were askecif'to indicate if they (a) strongly disagreed, 
(b) disagreed, (c) agreed, or (dr strongly agreed with the statement* To simplify 
fillm^out the survey for the youngei' students the ve^ sion of the survey used in the 
primary grades ti 3) was read to the students by then: teacfve^l- and required them to 
maric frov^^nmg or smihng faces that corresppnded to the choices listed above* 

Results of the sur<^ey are summarized in the two tables pn the following pages* 
It is^clear that the students enjoyed using the gcimes, The most liked games at both 
tbe primary' aod intermediate levels 'were The Jar Game and Chaos , and, 
understaii'dably > the least liked gam^s were trie games in which the level of the 
mathematics coP>tent was ao't appropriate- fot M grade level (i.e*, Golf arid 
Compubat at .the primary le^el and Cauce ? at the mte; niediate level)* The responses 
to the second half of the survey indicate fhat students not only enjoyed playing the 
games, but also felt that they had playeJ tlit^ ganiet. well and that they had learned 
about mathematics Jrc'rn the games. ^ 
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How do you feel about these s tatcnents? 
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